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e Introduction 


In this work, we will discuss the applications of functionalized natural 
and synthetic macromolecules so we will start with the definition of 
biodegradable polymers because chitosan is one of its types and 
Chitosan is a product of the deacetylation of chitin, chitosan contains 
active functional groups that are liable to chemical reactions; thus, 
chitosan derivatives can be obtained through the chemical modification 
of chitosan. The modification of chitosan has been an important aspect 
of chitosan research, showing a better solubility, pH-sensitive targeting, 
an increased number of delivery systems, etc. Chitosan has been 
conjugated with polyphenols to overcome the limitations of both 
chitosan and polyphenol, along with increasing the potential synergistic 
effects of their combination for therapeutic applications. And now we 
found that chitosan and its derivatives have been gaining more attention 
due to their high integration into various biomedical applications. 
Herein, a new chitosan derivative was prepared by linking the chitosan 
(Cs) with a novel heterocyclic compound,benzoimidazolyl-thiadiazole 
(BzimTD) to form Cs-BzimTD and two new polymers designated as 
Cs-EATT and Cs-BATT have been synthesized via linking the chitosan 
with The synthesized 1,3,4-thiadiazole compounds .and we will take 
about natural macromolecules for example the guar gum and gum arabic 
finally we will explain the electrical conductivity of oxadiazole and 


triazole polymer content. 


e Discussion 


1. Biodegradable Polymers: Classifications and Challenges: 
Depending on the source of origin, biodegradable polymers can be 
classified as either derived naturally through fermentation or by 
extracted biomass based precursor through polymerization [1-2]. 
Various categories of biodegradable polymers derived from agricultural 
sources such as polysaccharides or protein based polymers and bio 
polyesters which are usually extracted from micro-organisms through 
biotechnological routes or derived from petroleum derivatives. 

The first category of biopolymers are those which are derived directly 
from bio-sources and consist of polysaccharides, lipids and proteins. 
Polysaccharides that include cellulose, chitosan, gum, starch, pectin, 
etc., are the most abundantly available and naturally derived 
biopolymers. These are generally extracted from renewable lingo 
cellulose biomass, sea creatures and agricultural resources [3, 4]. 

It is noteworthy to mention that naturally occur-ring polymers such as 
cellulose, chitosan and silk have superior mechanical properties but 
show poor film forming ability and due to their hydrophilic nature they 


also show lower stability under ambient conditions [5] 


2. Chitosan Based Composites: Chemical Modification 
Properties Evaluation and Applications 
Chitosan is a derivative of chitin and is produced by a simple step of de 
acetylation or de polymerization under the influence of strong alkaline 
conditions (concentrated sodium hydroxide) or enzymatic hydrolysis 
with the help of chitin deacetylase. [6] Chitosan shows enormous 
possibilities of physical and chemical modifications via ionic 
interactions and grafting due to the presence of -OH and -NH2 groups, 
which form a range of chitosan derivatives. [7]. 
In recent years, chitin and chitosan have been produced at commercial 
scale in many countries including India, Poland, Japan, Norway, 
Australia and USA. Both, chitin and chitosan are employed in countless 
applications e.g. as adsorbents for the removal of dyes [8]and metal ions 
[9] in waste water treatment, fat binder in food industry [10], thin 
membranes in filtration processes [11], edible layer in packaging [12], 
coating material for fertilizer and seeds in agriculture [13], food additive 
and preservative [14], controlled release of agrochemicals [15], Lotions 
and body creams in cosmetics [16], adhesive paper [17] and surface 
treatment [18] in pulp and paper industry, wound healing [19], tissue 
engineering [20], gene delivery [21], vehicle for drug delivery [22] 


As shown in Figure 1. 
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Figure 1. Potential applications of chitosan and its derivatives in various sectors. 


Chitosan is widely used in packaging applications due to its 
biodegradability, non-toxicity and film forming ability. This property 
was utilized by Khan et al., who fabricated biodegradable films using 
chitosan as matrix and nanocrystalline cellulose (NCC) as filler with 1- 


10 wt. % loading, using the solution casting method [23]. 


Chitosan was also used to prepare chitosan/ tripolyphosphate 
nanoparticles (CH-TPP) by ionic gelation method and blended with 
HPMC to prepare edible films by solution casting method [24]. 

Other examples for property enhancement by adding chitosan are 
grease-proof paper with chitosan coating [25], Pulp fiber-chitosan sheets 
[26], biodegradable rice starch/chitosan films [27], chitosan/layered 
silicate Nano composite films [28], chitosan starch Films loaded with 
silver nanoparticles [29] and corn starch/chitosan composite films [30]. 
In all cases mentioned above, it was observed that the Presence of 
chitosan enhanced the barrier and other properties of various 
Conventional and bio based polymers. 

While the physicochemical properties of polymers are improved by the 
addition of chitosan, the hydrophilic nature of chitosan is a real 
drawback, which inhibits its contribution in packaging. Hence, the 
modification of existing bio based polymers has attracted much 
attention of researchers to overcome its limitations and it can be 
achieved by using many different techniques including 
copolymerization, grafting, grafting cum condensation polymerization 
or ring opening polymerization, etc. 

Among various modification techniques used, Grafting, which can be 
achieved using various intermediates including free Radical, ions, 
photo-initiated grafting, plasma induced grafting and enzymatic 


grafting, has received significant attention [31]. 


3. Chitosan Derivatives and Their Application in Biomedicine 


In recent years, many polymer compounds, extracted from 
starch, liver sugar, inulin, cellulose, chitin, and alginates, have 
been widely used in Biology, medicine, beauty, healthcare, and 
other fields [32-33]. 

Chitosan is a renewable natural alkaline polysaccharide that has 
no toxicity and no side effects, and it features good moisturizing 
and adsorption properties. 

The United States Food and Drug Administration (FDA) has 
approved that chitosan is safe in the use of Foods and drugs. 
However, chitosan is insoluble in water and most organic 
solvents, which limits its applications in various fields. 

Chitosan derivatives can be obtained by the chemical 
modification of chitosan reactive functional groups. 

Here, the -OH and NH active groups on the chitosan 


molecule are prone to chemical reactions [34,35] 


4. Modification of Chitosan 


Functional groups on the chitosan molecules include C¿-OH, C¿-OH, 
C,—NH,, and acetyl amino and glycoside bonds [34]. 

The chemical modification of chitosan can improve its physical and 
chemical properties, as well as expand its applications and relevant 
research fields [36-37]. 


A schematic diagram of chitosan modification is shown in Figure 2. 
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Figure 2. Schematic diagram of chitosan chemical reaction. 


4.1 Acylated Modified Chitosan 


Acylation modification is the most common modification of chitosan. 
The acylation of chitosan refers to the reaction of chitosan with a variety 
of organic acids and derivatives of organic acids (mainly acetic 
anhydride and acyl chloride), introducing aliphatic or aromatic acyl 
groups to the Molecular chain [38] N-acylated chitosan derivatives 
show enhanced biocompatibility, anticoagulability, and blood 
compatibility. 

Moreover, N-acylated chitosan derivatives don’t cause an inflammatory 
reaction in the human body, so N-acylated chitosan can be used as a 
carrier or sustained release agent in Pharmaceutical applications 
[39,40,41,42]. 

The solubility of N-acylated chitosan depends on the degree of 
substitution (DS) and the length of the side chain [40,34]. 

nacylated chitosan, with high solubility, can be used as a carrier for 
Hydrophobic drugs [43], while N-acylated chitosan, with high 
crystallinity, can increase fiber toughness and thermal stability, making 
it suitable for applications such as use in polyvinyl Chloride (PVC) fiber 
film materials [44,45]. C—OH doesn’t react until Co- NH» completely 
reacts [46]. 

If only O-acylated chitosan is required, it is necessary to add a solvent 
to protect the ammonium group, such as trifluoroacetic Acid or 


methanesulfonic acid [47-48]. 


O-acylation modification destroys the hydrogen bond structure of 
chitosan and improves its Fat solubility and hydrophobicity. However, 
the properties of O-acylated chitosan and N-acylated Chitosan are also 
different. O-acylated chitosan is lipid-soluble and can be dissolved in 


non-polar Solvents such as pyridine and chloroform [47]. 


CHOH 


CH;OH 


CH,(CH,),COCI 


NH(CH;),CH; 


CILCOR CIRCOR 


CHOH 


Pyridine/Fatty acid anhydride Water 


NIE CR COO 


NIE; CF;COO 
n 


Figure 3. Reaction equations for acylated chitosan derivatives. (A) N-acylated 


chitosan; (B) O-Acylated chitosan. 
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4.2 Alkylation Modified Chitosan 
Alkylated chitosan can be used to prepare medical gauze due to its 
coagulation and antibacterial Properties [49,50,51], and it can be used to 


absorb anionic surfactants in water purification engineering due to its 


positive charge [52]. 
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Figure 4. Alkylation chitosan derivative reaction equations. (A) Halogenated 


alkane to prepare N-Alkylated chitosan; (B) advanced fatty aldehyde prepares N- 
alkylated chitosan. 
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4.3 Carboxylated Chitosan 

Carboxylated chitosan has wider Applications than chitosan in the industry, 
agricultural, medical, health, and biochemical fields [50,52,53-54]. 

CMCS is active in the biomedical and pharmaceutical fields due to its 
antibacterial properties, which promote wound healing, as well as its lipid 
lowering, anti-arteriosclerosis, antiviral, anti-tumor, anti-coagulation, and 


hypoglycemic effects [55,56]. 


CH,OCH,.COOH 
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Figure 5. Carboxylates chitosan derivative reaction equation. (A) O-car boxy 
methyl chitosan (degree Of substitution (DS) < 1); (B) N, O-car boxy methyl 
chitosan (DS > 1). 


4.4 Quaternary Ammonium Chitosan 

Quaternary ammonium chitosan salt also has better antibacterial, 
biocompatibility, biodegradability, non-toxicity, and biological effects, 
as well as innate mucoadhesiveness and the ability to penetrate mucus 
layers and bind to epithelial surfaces. Therefore, it is widely used in 
medicine [57-58]. 

Due to its antibacterial properties, quaternary ammonium chitosan can 
be used in anti-inflammatory drugs or as a filler fiber in materials for 


dressing wounds [58,59]. 
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Figure 6. Reaction equations for quaternized chitosan derivatives. (A), N,N- 
trimethyl chitosan (TMC) direct quaternary ammonium salt substitution method; 
(B) TMC N-alkylation; (C) chitosan 2,3-epoxypropyl trimethyl ammonium 
chloride (GTA) ring opening method 


14 


5. Chitosan-Polyphenol Conjugates for Human Health 
Polyphenols are naturally occurring secondary metabolite 
micronutrients in plants, which contain hydroxyl groups in their 
aromatic ring [60-61]. 

Polyphenols form a natural defense system for plants, protecting them 
from UV radiation and pathogenic invasion, and are also responsible for 
oxidative stability and organoleptic properties [62-63]. 
Polyphenols attract immense attention for their potential nutraceutical 
and pharmaceutical impacts on human health, due to their inherent 
biological properties such as antioxidant, anti-allergic, antibacterial, 
anti-inflammatory, antitumor, anti-diabetic, and antiviral [64-65]. 
They also keep blood vessels healthy and flexible by managing blood 
pressure levels that is helpful for good blood circulation [66-67]. 
> Polyphenol limitations: 
1. Low bioavailability 
2. Short biological shelf life 
3. Rapid metabolism in body. 
> Chitosan limitations: 
1. Poor water insolubility 
2. Faster enzymatic degradation in body 
3. Non-availability of H atom donor 
> Chitosan -polyphenol conjugates advantages 
1. Higher solubility 
2. Extended shelf life 
3. Increased bioavailability 
4. Higher antioxidant effect 


5. Synergistic anti-bacterial activity 
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Figure 7. Proposed mechanism for chemical synthesis of polyphenol-chitosan 
conjugate (A) using Only EDC, adapted with permission from Ref. [101], O 2022 
The Society for Biotechnology, Japan, Elsevier B.V. (B) using EDC/NHS, adapted 
with permission from Ref. [102], O 2022 The Royal Society Of Chemistry. 
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Figure 8. Proposed mechanism for polyphenol-chitosan conjugate through (A) 


enzyme-mediated Strategy , and (B) free radical in Duced reaction . 
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Figure 9. Ester modification synthesis of chitosan-GA conjugation 
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6. Synthesis and characterization of new functionalized chitosan 
and its antimicrobial and in-vitro release behavior from topical gel 
Heterocyclic nitrogen-containing compounds: 

(Including the five-membered Benzimidazole and thiadiazole moieties) are 
distinguished as an outstanding and valuable source of chemotherapeutic agents. 
More than 75% of the drugs authorized by the Food and Drug administration and 
currently available in the pharmaceutical market belong to this group of 
therapeutic compounds [68 ]. 

benzimidazole is one of the most famous and biologically active Members of the 
heterocyclic group and is found in many synthetic and Natural therapeutic agents 
such as: anticancer, antimicrobials, antioxidants, [69, 70]. 

Recently, various benzimidazole based thiadiazole and triazole derivatives have 
been recorded as efficient anti-microbial agents [71]. 

Chitosan has outstanding chemical and physical properties and is non-toxic, 
biocompatible, and biodegradable [72, 73]. 

Chitosan and its derivatives have broad antimicrobial activity against Gram- 
negative bacteria, Gram-positive bacteria, and fungi. 


Therefore, chitosan is widely used as an antibacterial agent [74]. 
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The antimicrobial potential of chitosan can be attributed to inhibiting DNA replication, 
interfering with the bacterial cell wall, and chelating essential minerals, which prevents 
the uptake of extracellular nutrients and affects cell permeability. 

Moreover, it can be used as an effective source of new biocides and antiviral agents. 
Recently, the potential application of chitosan and chitin as a proposed therapy for the 
new coronavirus is being studied [75,76]. 

Topical delivery of the drug can improve its bioactivity by reducing its side effects, 
enhancing its penetration, ease of administration, increasing patient compliance, and 
enhancing its therapeutic efficacy [77]. 

The topical gels provide suitable drug delivery because they are thixotropic, less greasy, 
easily spreadable, easy to remove topical formulations involve the release of the drug 
from the formula followed by penetration through the skin to reach the target tissue or 
cell. 

The release of the drug from topical preparations depends on the physicochemical 
properties of the polymer used and the active drug [78-80]. 

One of the most easily accessible organs of the human body Skin, so it has become the 
main route of delivery of topical drugs. 

There are a large number of medicinal products it is applied to the skin or mucous 


membrane which either reinforces or restores the primary function of the skin [81] 
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Scheme 1. Synthesis route of Thiadiazole functionalized chitosan (Cs-BzimTD). 
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7. 1,3,4-thiadiazole modified chitosan: 


Thiadiazoles are heterocycle group with a five membered ring that possesses sulfur 
and two nitrogen atoms and exhibit a broad range of biological activities [82, 83]. 

A significant number of molecules bearing the thiadiazole moiety have a variety of 
biological characteristics, such as antimicrobial [84, 85], anti-proliferative [86], 
antitumor [87], anti-tubercular [88], anti-inflammatory [89], anticonvulsant [90], 
antioxidant [91], anti-leishmanial [92], antibacterial [93, 94], antiviral [95], 
analgesic [96], antipsychotic [97], antihistamine [98], anti-depressive [99], and 
antihypertensive [100]. 

For example, two new polymers designated as Cs-EATT and Cs-BATT have been 
synthesized via linking the chitosan with the synthesized 1,3,4-thiadiazole 
compounds. 

The synthesized polymers exhibit high activity to control the growth of pathogenic 
bacteria (Staphylococcus aureus, Bacillus subtilis, Esherichia coli, and 


Pseudomonas aeruginosa), and unicellular fungi (Candida albicans). 


23 


5 


3 C;H.0H NN 
nN NON, + secs  — ملحت‎ Ags Alc.-KOH 
ome Anhy. NayCO, v Stir. r.t. 8h 
- Reflux=6 h A 
NAT CI 
and/or 
Br 
0 OH PA i 
N X N 1 — 1 = N- N 
A 7X وحم كن‎ N-! e- 
1 * 
Benzene, Stirring= 3h 
E-/B-ATTA at room temperature ATT 
E-ATTA,R= CH. E-ATT, R= CH, 
B-ATTA, R-C,H.- B-ATT, R= الب‎ 
ju OH 
HO py’ Ch 
soch هرو 00 م‎ 
0 
Reflux " y HO NH; SSR eee eee 
70 °C Polysaccharide (Chitosan) Y OH 
chice HO pw’ cn, i 


- 0 : 
iQ on X. i 
0 HO HN > : 
: HO ol 7 
: HN HO : 
„ 
- "HA cn: 
2 N S 34 
` O H S 


5 


0 جد‎ ^0 
HO 9 | 
HO NH : 
: NN ؟‎ : 
* A Y * 
H N ‘ 
5 S B " 1 


em 


Scheme 2.Synthetic diagrams of major reactions occurring during the syntheses 


of Chitosan derivatives 
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8.Natural Gum Based Composites: Chemical Modification, 
Property Evaluation and Applications 

The natural gums are non-toxic, biodegradable and low cost 

polysaccharide, which offer many benefits over fossil based synthetic 

polymers due to their stabilizing and emulsifying properties. 

As a result, they are applicable in various areas such as pharmaceuticals, 

adhesives, films, paints [101]. 

Gum Arabic (GA) is one of the natural complex polysaccharides, 

derived from an exudate of Acacia trees the other existing gums are 

guar gum (GG) [102]. 

Guar gum (GG) is a non-ionic natural polysaccharide sourced from the 

seeds of cyamopsis, guar gum is used in many applications in industries 

such as, textile, petroleum, paper, food, explosives and pharmaceuticals 

it is biocompatible, biodegradable, non-toxic, low-cost and amenable to 

chemical modification. 

Carboxy methyl guar gum was formulated as micro particles tailored for 


drug delivery applications [102] 
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8.1 Preparation of carboxymethyl guar gum 


The synthesis of carboxymethyl guar gum was performed as previously 
reported (Dodi et al., 2011) with slight modifications. 

Briefly, 1 g of GG was dispersed in 100 mL of ultrapure water and the 
Mixture was stirred for 2 h under nitrogen atmosphere. 

The resulting suspension was mixed with 20 mL of NaOH solution (0.1 
M) and the mixture was allowed to react for 2 h at room temperature 
(25?C).Chloroacetic acid (20 mL; 1.58 g/cm3; 0.025 mol) was added 
and the mixture was stirred overnight at 50? C. 

The reaction mixture was then cooled to ambient temperature, adjusted 
to pH 7.0 (using 1 M HCl), extracted with acetone and separated by 
centrifugation (5 000 rpm; 6142 RCF; 10 min). 

The Product was further purified by dialysis against distilled water until 
neutral pH has been reached (approx. 72 h). 

The final product (batch denoted CMGG) was then dried by 


lyophilisation and stored in a desiccator for further analysis. [103] 
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9. Electrical Conductivity of Oxadiazole and Triazole Polymer 
Content 


The field of electrically conducting polymers has been developed very rapidly 
since the discovery of intrinsically conducting polymers [104]. 

It was noticed that the electrical conductivity of organic Conjugated polymers was 
increased by many order of magnitude when they are doped with oxidizing or 
reducing agents [105]. 

The doped polymers have been concept as an organic metal or semiconductors 
[106]. 

The chemical structure of the conjugated polymers is confirmed of II electron 
system extending over long chain of monomer unit [107]. 

This extending of II system gives the susceptibility of the oxidation and reduction 
with the electrical conductivity [108]. 

By controlling the oxidation or reduction processes, the electrical conductivity and 
optical properties of the polymer can be controlled. It is well known that the 
undoped conjugated polymers are established as intrinsic semiconductors [109]. 
The value N- the electrical conductivity is depend on the energy gap Between 
HOMO and LUMO levels. 

Where by the energy gap in these types of polymers depend on the Constitution of 
their backbone and on the nature of side substituents [110]. 

The presence of some heteroatoms within the carbon backbone conjugated 
polymers can enhanced the conjugated through the delocalization of their lone pair 
of electron with the conjugated system. 

On the Other hand the heteroatoms (N, S, O) provide sets for hosting the dopant 
molecules [111]. 

In the last decade, polymers containing heterocyclic ring can be considered as an 
electron donor or electron Acceptor [112,113] . 

The electrical properties of the oxadiazole polymers were developed by loading 


the Polymer on graphene Nano sheet [114]. 
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The conjugated polymers that containing oxadiazole or triazole rings were used for 
building organic photovoltaic cells and their efficiency was enhanced by mixing 
the Polymer with Nano carbon tube [115]. 

In this work different polymers with oxadiazole and triazole heterocyclic ring have 
been prepared to prove the effects of chemical structure on the electrical 
conductivity. 

On the other hand, the ability to Doping was studied by different dopant. 

The electrical conductivity of the conjugation polymers can be affected by 
different factors. 

The Presence of long aliphatic segment within the back bone of the polymer chain 
can increased the electrical conductivity of the polymer by increasing the 
flexibility. 

On the other hand the presence of aliphatic segment interrupts the conjugation and 
decrease the electrical conductivity. 

The presence of the hetero atoms in the main chain of the polymer will enhance 
the electrical conductivity by the Participation of the lone pair of electron of the 
hetero atoms in the conjugation system. 

Also hetero Atoms can be considered as a site to host the dopant molecule and 


create the charge carriers. 
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Synthesis of 1, 4-bis (1-hydrazineylvinyl)benzene (1): 


In a round bottom flask contain 20ml of hydrazine hydrate and 2ml dry dioxane, 
adding drop wise a solution of 6.5g (0.03mole) of terephthaloyl chloride dissolved 
in 6ml dry dioxane at room temperature. 
The mixture was refluxed for extra 2 hrs. 


The yellow precipitate was filtered, washed with ethanol and dried under vacuum. 


0. NHNH 
Gu 4 e 
y b. 
A ^ 
AS JJ. 
9x 
| | , NIbNII 110 حو‎ Í | 2HCl + 1150 
T a 1 B ZA ف‎ 
WZ hydrazine hydrate Y 
Z^ Z^ 
07 v 0^ NHNH: 
erephthaloy! dichloride | ,4-bis(|-hydrazineylvinyl benzene (1) 


Scheme 3.Synthesis of 1,4-bis (1-hydrazineylvinyl)benzene (I) 


0 GA 7 AN DON Nw 
A Ff M 4 ! NT \ / ١ / N 
\\ // \\ H Nal (| | | ( Y | NY // M / 

/ \ j \ \ f \ 
\ / \ * / ١ j \ A 

\ | KOH “pl — -ai 

H;NHN — NHNH, a Ü = 0 Ns 
¿ í HS SH 


terephihalohydrazide 


29 


Polymer preparations: 


Polymer |: 1.43g (0.005mole)of M1 was dissolved in 0.1M NaOH 
solution.0.42ml of dichloromethane was added drop wise and the reaction 
mixture was refluxed for of 4hrs . 


The produced yellow polymer was filtered and dried under vacuum. 


va CGU 


refluxe prr 


Polymer ||: The same procedure for preparation polymer | was 


followed by polymerization of M1with 1.07ml of dibromobutane. 


M1 + 1,4-dibromo butane 
"mhxdr —— 


A 


Polymer III 


polymer c S. Cm 
1 3.8X10° 
II 5.74x10* 
III 4.4X10° 


The results indicate that the major factor effect on conductivity is 
the chemical structure of the polymer. 

It was noticed that the electrical conductivity of polymer Ill is 
higher than that of polymer | 
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10. Organic Conductor: 


Organic conductors may be divided into two groups: 


Low molecular weight compounds charge transfer complexes and salts of radical 
ions, such as the complex of tetracyanoquinodimethane (TCNQ). 

The conductivity in these compounds is due to the radical anions of TCNQ and 
neutral TCNQ molecules. 

The counterions serve only to neutralize the charge and do not contribute to the 
conductivity. 

Polymers with conjugated unsaturated double bonds. 

These systems must be either partially reduced or oxidized to provide 
conductance. 

Since the beginning of conductive polymer technology there has been an intensive 
effort to improve the properties of these polymers. 

This work is ongoing and has produced new chemistries and structures that have 
resulted in the patenting and introduction of a succession of substances, e.g. 


polyacetylene, polypyrrole and polythiophene [116]. 
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11. Conducting Polymers 


A key property of a conductive polymer is the presence of conjugated double bonds 
along the backbone of the polymer. 

In conjugation, the bonds between the carbon atoms are alternately single and 
double. 

Since the electrons in a conjugated system are only loosely bound, electron flow 
may be possible. 

Every bond contains a localized "sigma" bond which forms a strong chemical bond. 
In addition, every double bond also contains a less strongly localized "a" bond 
which is weaker. 

These enable the electrons to be delocalized over the whole system and so be shared 
by many atoms. 

This means that the delocalized electrons may move around the whole system. 
However, conjugation is not enough to make the polymer material conductive. 

In addition, the polymer material needs to be doped for electron flow to occur. 
Doping is either the addition of electrons (reduction reaction) or the removal of 
electrons (oxidation reaction) from the polymer, for example : 


+ Lewis acid 4 


ODO o DO Lewis acid ODO O pO 
x NA i ^x^] 5 Lewis base X A E 
NN 5 : 
Y N Y N 
xX = S, Se 
Neutral Y = S, Se, O, NC. Doped 


An oxidation doping (removal of electrons) can be done using iodine. 

The iodine attracts an electron from the polymer from one of the bonds. 

Once doping has occurred, the electrons in the bonds are able to "jump" around the 
polymer chain. 

As the electrons are moving along the molecule, electric current occurs. 

For better conductivity the molecules must be well ordered and closely packed to 
limit the distance "jumped" by the electrons. 

The conductivity of conducting polymers can be tuned by chemical manipulation of 
the polymer backbone, by the nature of dopant, degree of doping, and blending with 


other polymers [117]. 
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12. Applications of conductive polymers 


The principal interest in the use of polymers is in low-cost manufacturing using 
solution-processing of film-forming polymers. 
Light displays and integrated circuits, for example, could theoretically be 
manufactured using simple inkjet printer techniques [118-122]. 
polyaniline is used as a conductor and for electromagnetic shielding of 
electronic circuits. 
Polyaniline is also manufactured as a corrosion inhibitor. 
Poly(ethylenedioxythiophene) (PEDOT) doped with polystyrene sulfonic acid is 
manufactured as an antistatic coating material to prevent electrical discharge 
exposure on photographic emulsions and also serves as a hole injecting 
electrode material in polymer light-emitting devices. Poly (phenylene 
vinylidene) derivatives have been major candidates for the active layer in pilot 
production of electroluminescent displays (mobile telephone displays). 
Poly (dialkylfluorene) derivatives are used as the emissive layer in full-color 
video matrix displays. 
Poly (thiophene) derivatives are promising for field-effect transistors: they may 
possibly find a use in supermarket checkouts. 
Poly (pyrrole) has been tested as microwave-absorbing "stealth" (radar- 
invisible) screen coatings and also as the active thin layer of various sensing 
devices.Other possible applications of conductive polymers include super 
capacitors and electrolytic-type capacitors. 
Some conductive polymers such as polyaniline show a whole range of colors as a 
result of their many protonation and oxidation forms, Their electrochromics 
properties can be used to produce, e.g "smart windows" 
An advantage over liquid crystals is that polymers can be fabricated in large sheets 
and unlimited visual angles. 
They do not generally respond as fast as in electron-gun displays, because the 
dopant needs time to migrate into or out from the polymer but still fast enough for 
many applications [123]. 
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13. Conclusion 


In this work we concentrated on functional polymer as its low cost, ease of 
processing, and attractive features of functional, one of the most interesting 
polymers is chitosan. 

Chitosan consider as biodegradable polymers and Chitosan is a product of the 
deacetylation of chitin, chitosan contains active functional groups that are liable to 
chemical reactions thus, chitosan derivatives can be obtained through the chemical 
modification of chitosan. The modification of chitosan has been an important 
aspect of chitosan research, showing a better solubility, pH-sensitive targeting, and 
an increased number of delivery Systems. 

Also, Chitosan has been conjugated with polyphenols to overcome the limitations 
of both chitosan and polyphenol, along with increasing the potential synergistic 
effects of their combination for therapeutic applications. 

Recently, chitosan and its derivatives have been gaining more attention due to their 
high integration into various biomedical applications. 

Herein, a new chitosan derivative was prepared by linking the chitosan (Cs) with a 
novel heterocyclic compound, benzoimidazol thiadiazole (BzimTD) to form Cs- 
BzimTD and two new polymers designated as Cs-EATT and Cs-BATT have been 
synthesized via linking the chitosan with The synthesized 1,3,4 thiadiazole 
compounds. 

Furthermore, natural macromolecules for example the guar gum and gum Arabic 
play an important role in the modification of macromolecules especially in medical 
and industrial applications. 

Finally we explained the electrical conductivity of oxadiazole and triazole polymer 


content. 
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14. Abstract 


Chitosan has been conjugated with polyphenols to overcome the limitations of 
both chitosan and polyphenol, along with increasing the potential synergistic 
effects of their combination for therapeutic applications 

Herein, a new chitosan derivative was prepared by linking the chitosan (Cs) with a 
novel heterocyclic compound, benzoimidazol thiadiazole (BzimTD) to form Cs- 
BzimTD and two new polymers designated as Cs-EATT and Cs-BATT have been 
synthesized via linking the chitosan with The synthesized 1,3,4 thiadiazole 
compounds. 

Carboxy methyl guar gum was formulated as micro particles tailored for drug 
delivery applications [102] 

Finally we explained the electrical conductivity of oxadiazole and triazole polymer 


content. 
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5 .الملخص العربي 


ركزنا في هذا العمل علي المجموعات الوظيفيه للبوليمرات نظرا لسهوله معالجتها وأنها اكثر 
فاعليه في الكثير من المجالات ad ye‏ من اهم هذه البوليمرات هو الكيتوزان 

لانه يحتوي علي مجموعات وظيفيه فعاله OH, NH) Ji‏ سهل التعديل بواسطه 
التفاعلات الكيميائية المختلفه وكان تعديل الكيتوزان جانبا مهما في أبحاث الكيتوزان » حيث 
أظهر قابلية أفضل gh sill‏ » واستهداف حساس da pal‏ الحموضة c‏ وعدد متزايد من أنظمة 
التوصيل. 

أيضًا » تم اقتران الشيتوزان بالبوليفينول للتغلب على قيود كل من الشيتوزان والبوليفينول « 
جنبًا إلى جنب مع زيادة التأثيرات التآزرية المحتملة لتوليفاتهما للتطبيقات العلاجية. 

في الآونة الأخيرة » اكتسب الشيتوزان ومشتقاته مزيدًا من الاهتمام بسبب تكاملها العالي في 
مختلف التطبيقات الطبية الحيوية. 

هنا » تم تحضير Gide‏ جديد من الشيتوزان عن طريق ربط الشيتوزان (CS)‏ بمركب حلقي 
غير متجانس x»‏ » وهو Benzoimidazol 15130132016 (BzimTD)‏ لتشكيل 
Cs-BzimTD‏ وتم تصنيع اثنين من البوليمرات الجديدة المعينة CS-EATT aul‏ و Cs-‏ 
BATT‏ عن طريق ربط الشيتوزان مع US yo‏ ثياديازول المركب £16364 

علاوة على ذلك c‏ تلعب الجزيئات الكبيرة الطبيعية مثل صمغ الغار والصمغ العربي دورًا 
Lage‏ في تعديل الجزيئات الكبيرة خاصة في التطبيقات الطبية والصناعية. 


أخيرًا شرحنا التوصيلية الكهربائية لمحتوى بوليمر أوكساديازول وتريازول. 
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